Abstract: Tetrahymena pyriformis (protozoa) is intensely investigated as a model organism, offering numerous advantages in comprehensive and multidisciplinary studies using morphologic or molecular methods. Since DNA extraction is a vital step of any molecular experiment, here a new mixed surfactant (Sodium dodecyl sulfate (SDS) 20%/Triton X-100) was adopted for effective DNA extraction from Tetrahymena pyriformis under an easy, fast protocol. The efficiency of this technique was then compared with three widely-used alternative techniques, namely the Chelex 100 matrix, Ammonium pyrrolidine dithiocarbamate (APD) complex and SDS-chloroform methods. DNA extraction was analyzed by pulsed-field gel electrophoresis, spectral measurement, fluorometry (Qubit), restriction enzyme digestion, and polymerase chain reaction. Data analysis revealed that the quantity and quality of the recovered DNA varied depending on the applied DNA extraction method. The new method (SDS 20%/Triton X-100) was the most efficient for extracting DNA from Tetrahymena pyriformis with high integrity and purity, affordable cost, less time, and suitability for molecular applications.
Introduction
The ciliate Tetrahymena pyriformis is a cell model for cellular and molecular biology [1, 2] . Like other ciliates, this species has separate germline and soma functions that are embodied by distinct nuclei within a single cell. The germline-like micronucleus (MIC) has its genome held in reserve for sexual reproduction. The soma-like macronucleus (MAC), which possesses a genome processed from that of the MIC, is the center of gene expression, and does not directly contribute DNA to sexual progeny. High-quality isolation and purification of DNA is the first and most undervalued step in molecular biology methods, and depends on the high purity and concentration of extracted DNA [3] . On the other hand, the process should be safe, simple, quick, and low-cost. Finally, the DNA extraction technique chosen should be able to deliver pure DNA samples ready to be used in downstream molecular applications [4] . The basic steps of DNA isolation are (1) the disruption of the cellular structure to create a lysate, (2) the separation of the soluble DNA from cell debris and other insoluble material, and (3) the purification of the DNA of interest from the soluble proteins and other nucleic acids [5] . The elimination of materials by surfactants is one of the most favourable methods of purification, due to their excellent binding ability with a variety of biomolecules and ions [6] . This paper describes a simplified and quick method of DNA extraction from Tetrahymena pyriformis using a new mixed [6] . This paper describes a simplified and quick method of DNA extraction from Tetrahymena pyriformis using a new mixed surfactant (sodium dodecyl sulfate (SDS) 20%/Triton X-100). The efficiency of this technique was compared with three widely-used alternative techniques, namely the Chelex 100 matrix, Ammonium pyrrolidine dithiocarbamate (APD) complex and SDS-chloroform methods.
Experimental Design
Our method consists of the following steps, as shown in Figure 1 . The first step was the culture of our strain of Tetrahymena pyriformis (GL, L 1630/1) axenically in the standard medium PPYE (proteose peptone-yeast extract). The culture medium PPYE was removed and the protozoa pellet was submitted to DNA extraction with the SDS/Triton X-100 method. We needed to determine the ratio of SDS/Triton X-100 that provided a high quality and quantity of DNA, so different ratios of SDS/Triton X-100 were tested (0/100, 20/80, 40/60, 60/40, 80/20, and 100/0); the ratio that provided the highest quality and yield of DNA was compared with three widely-used techniques (Chelex 100 matrix APD complex and SDS-chloroform). Experimental design for the extraction of DNA with sodium dodecyl sulfate (SDS)/Triton X-100, and the comparison of its quality and quantity with other widely-used methods.
Materials
The following materials were used in the experiment:
• SDS 20% solution (Thermo Fisher; Waltham, MA, United States; Cat.no.:AM9820); 
The following materials were used in the experiment: 
Equipment
The following equipment was used in the experiment:
• Microcentrifuge tubes 1. 
Procedure

Strains and Culture Conditions
• Tetrahymena pyriformis (strain GL, L 1630/1, from The Culture Collection of Algae and Protozoa, The Botany School, Downing Street, Cambridge) was cultured axenically in 5 mL of the standard medium (PPYE), containing proteose peptone (1.5%, w/v) and yeast extract (0.25%, w/v) ( Figure 2 ).
•
The culture was then inoculated with 1% (v/v) Tetrahymena pyriformis (GL, L 1630/1) preculture in the same medium and incubated at 28 • C without shaking for 72 h [7] .
• At the end of the incubation time, the culture (6 × 10 6 cells/mL) was then harvested at the exponential phase by centrifugation at 5000 rpm for 5 min at 4 • C. in the same medium and incubated at 28 °C without shaking for 72 h [7] .
• At the end of the incubation time, the culture (6 × 10 6 cells/mL) was then harvested at the exponential phase by centrifugation at 5000 rpm for 5 min at 4 °C. CRITICAL STEP To remove the medium completely, decant the medium from the centrifuge tube after centrifugation, invert the centrifuge tube on a paper towel to remove any residual liquid, then tap the tube gently on the paper towel to remove any liquid stuck to the sides of the tube.
CRITICAL STEP To get more culture for DNA extraction, repeat the above process by adding more culture to the same centrifuge tube.
• After removing the medium, wash the protozoa cells with 500 µL ice cold Tris-EDTA (TE) solution (Tris-EDTA: 100 mM Tris, 10 mM EDTA, pH 8.0), resuspend the protozoa pellet by vortexing or slow rounds of pipetting, and centrifuge at 4 °C for 10 min at 5000 rpm.
• Afterwards, completely remove the supernatant from the tube, add 3.5 ml of TE solution, and resuspend the protozoa pellet by vortexing or slow rounds of pipetting; then, divide it into aliquots of 1 mL and submit to DNA extraction, as reported below. OPTIONAL STEP We follow the proliferation of a cell population with regards to their DNA content using flow cytometry (BD Accuri C6 Plus).
CRITICAL STEP To remove the medium completely, decant the medium from the centrifuge tube after centrifugation, invert the centrifuge tube on a paper towel to remove any residual liquid, then tap the tube gently on the paper towel to remove any liquid stuck to the sides of the tube. standard medium (PPYE), containing proteose peptone (1.5%, w/v) and yeast extract (0.25%, w/v) (Figure 2 ).
• The culture was then inoculated with 1% (v/v) Tetrahymena pyriformis (GL, L 1630/1) preculture in the same medium and incubated at 28 °C without shaking for 72 h [7] .
Figure 2. Microscopic image of Tetrahymena pyriformis (GL, L 1630/1) in proteose peptone-yeast extract medium (×100).
DNA Extraction Methods.
3.2.1. Sodium Dodecyl Sulphate 20%/Triton X-100 (the Addition of Mixed Surfactant).
1. Preparation of the 20% SDS solution/Triton X-100 complexes (time for fulfillment: 1h, Figure 3 ):
• To perform the SDS/Triton X-100 extraction method, the extraction complex 20% SDS solution/Triton X-100 was prepared beforehand. OPTIONAL STEP If sodium dodecyl sulfate (20% solution) is not available, it can be prepared with SDS solid. To prepare 100 mL of SDS (20% solution), weigh 20 g of SDS in a 250 mL conical flask/beaker. Add 80 mL deionised/Milli-Q water and mix, heat to 68 °C. Adjust the volume to 100 mL with deionised/Milli-Q water and mix again.
• SDS (20% solution) and Triton X-100 (mass ratios of 0, 20, 40, 60, 80, and 100 wt %) were mixed intensively in a vortex mixer, and placed in a water bath at 25 °C for 45 min.
CRITICAL STEP If there SDS in the solvent precipitate, re-dissolve it by warming the mix at 60 °C for 10 min.
• After removing the medium, wash the protozoa cells with 500 µL ice cold Tris-EDTA (TE) solution (Tris-EDTA: 100 mM Tris, 10 mM EDTA, pH 8.0), resuspend the protozoa pellet by vortexing or slow rounds of pipetting, and centrifuge at 4 • C for 10 min at 5000 rpm.
• Afterwards, completely remove the supernatant from the tube, add 3.5 mL of TE solution, and resuspend the protozoa pellet by vortexing or slow rounds of pipetting; then, divide it into aliquots of 1 mL and submit to DNA extraction, as reported below.
OPTIONAL STEP We follow the proliferation of a cell population with regards to their DNA content using flow cytometry (BD Accuri C6 Plus).
• Afterwards, completely remove the supernatant from the tube, add 3.5 ml of TE solution, and resuspend the protozoa pellet by vortexing or slow rounds of pipetting; then, divide it into aliquots of 1 mL and submit to DNA extraction, as reported below. OPTIONAL STEP We follow the proliferation of a cell population with regards to their DNA content using flow cytometry (BD Accuri C6 Plus). 
CRITICAL STEP If there SDS in the solvent precipitate, re-dissolve it by warming the mix at 60 °C for 10 min. Preparation of the 20% SDS solution/Triton X-100 complexes (time for fulfillment: 1 h, Figure 3 ):
• To perform the SDS/Triton X-100 extraction method, the extraction complex 20% SDS solution/Triton X-100 was prepared beforehand. in the same medium and incubated at 28 °C without shaking for 72 h [7] .
OPTIONAL STEP
• At the end of the incubation time, the culture (6 × 10 6 cells/mL) was then harvested at the exponential phase by centrifugation at 5000 rpm for 5 min at 4 °C.
CRITICAL STEP To remove the medium completely, decant the medium from the centrifuge tube after centrifugation, invert the centrifuge tube on a paper towel to remove any residual liquid, then tap the tube gently on the paper towel to remove any liquid stuck to the sides of the tube.
• Afterwards, completely remove the supernatant from the tube, add 3.5 ml of TE solution, and resuspend the protozoa pellet by vortexing or slow rounds of pipetting; then, divide it into aliquots of 1 mL and submit to DNA extraction, as reported below.
We follow the proliferation of a cell population with regards to their DNA content using flow cytometry (BD Accuri C6 Plus).
CRITICAL STEP If there SDS in the solvent precipitate, re-dissolve it by warming the mix at 60 • C for 10 min. PAUSE STEP The mix can be stored at room temperature for several months. Do not store the SDS (20% solution) at 4 °C, because SDS will precipitate at temperatures below 15 °C.
2. Cell breaking using thermal shock methods (time for fulfillment: 30 min, Figure 3 ):
• The tubes (1 mL protozoa pellet) were incubated in a water bath at 95 °C for 20 min (intermittently vortexing every 5 min).
• The tubes were put on ice for 10 min.
3. Purification of DNA (time for fulfillment: 10 min, Figure 3 ):
• A total of 2.5 mL of the SDS/Triton X-100/H2O complex was added to the tube.
• The tubes were incubated in a water bath at 45 °C for 5 min.
• After that, 14 µl of proteinase K solution (20 mg/mL) was added to the suspension, and the PAUSE STEP The mix can be stored at room temperature for several months. Do not store the SDS (20% solution) at 4 • C, because SDS will precipitate at temperatures below 15 • C. 
DNA Extraction by Chelex 100 Resin APD Complex and SDS-Chloroform
The extraction of DNA by the Chelex 100 matrix APD complex and SDS-chloroform methods was conducted as described in Table 2 , and according to Fenicia et al. [8] , Manaffar et al. [9] , and Sambrook and Green [10] .
Cost and Time Consumed
The cost for each method was estimated based on the price of chemicals, enzymes, and disposable items (including microfuge tubes and pipette tips) consumed for one extraction from a single pellet. The time required to finish one extraction from a single pellet for each method was estimated.
Evaluation of the Genomic DNA Quality, Quantity, and Integrity
A quantitative spectrophotometric assay of DNA was performed using NanoDrop and Qubit. Absorbance was measured at wavelengths of 260 and 280 (A260 and A280, respectively) nm. The absorbance quotient (A260/A280) provides an estimate of DNA purity. An absorbance quotient value of 1.8 < ratio (R) < 2.0 was considered to be good, purified DNA. A ratio of <1.8 is indicative of 
2.
Cell breaking using thermal shock methods (time for fulfillment: 30 min, Figure 3 ):
• The tubes (1 mL protozoa pellet) were incubated in a water bath at 95 • C for 20 min (intermittently vortexing every 5 min).
•
The tubes were put on ice for 10 min.
3.
Purification of DNA (time for fulfillment: 10 min, Figure 3 ):
• A total of 2.5 mL of the SDS/Triton X-100/H 2 O complex was added to the tube.
•
The tubes were incubated in a water bath at 45 • C for 5 min.
After that, 14 µl of proteinase K solution (20 mg/mL) was added to the suspension, and the tubes were mixed well.
4.
DNA recovery (time for fulfillment: 20 min, Figure 3) • First, 500 µL of 70% ethanol was added to the tube.
•
The tube was closed and inverted several times
The tubes were centrifuged at 14000 rpm (maximum speed) for 10 min at 25 • C.
The supernatant was completely removed.
OPTIONAL STEP to remove the supernatant, one can decant the supernatant after the first centrifugation.
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Figure 2. Microscopic image of Tetrahymena pyriformis (GL, L 1630/1) in proteose peptone-yeast extract medium (×100).
DNA Extraction Methods.
CRITICAL STEP Take care with this step, as the pellet sometimes does not adhere tightly to the tube and can be lost while removing the supernatant.
• Liquid remains will be stuck on the wall of microcentrifuge tube.
• A second flash spin is sufficient to collect all the liquid at the bottom, which can be then removed by pipetting.
•
The pellet was air dried for 5 min.
• The traces of ethanol must then be removed, as they may inhibit some enzyme reactions and dissolve the pellet in 25 µL sterile double distilled water or TE (pH 8.0). in the same medium and incubated at 28 °C without shaking for 72 h [7] .
DNA Extraction Methods.
CRITICAL STEP Do not overdry the pellet; overdried pellets are difficult to dissolve.
OPTIONAL STEP To dissolve the pellet, one can vortex the solution gently for a brief period and also incubate it at 37 • C for ∼20 min. PAUSE STEP The mix can be stored at room temperature for several months. Do not store the SDS (20% solution) at 4 °C, because SDS will precipitate at temperatures below 15 °C.
• After that, 14 µl of proteinase K solution (20 mg/mL) was added to the suspension, and the tubes were mixed well.
4. DNA recovery (time for fulfillment: 20 min, Figure 3) • First, 500 µL of 70% ethanol was added to the tube.
• The tube was closed and inverted several times • The tubes were centrifuged at 14000 rpm (maximum speed) for 10 min at 25 °C.
• The supernatant was completely removed. OPTIONAL STEP to remove the supernatant, one can decant the supernatant after the first centrifugation. CRITICAL STEP Take care with this step, as the pellet sometimes does not adhere tightly to the tube and can be lost while removing the supernatant.
• The pellet was air dried for 5 min.
• The traces of ethanol must then be removed, as they may inhibit some enzyme reactions and dissolve the pellet in 25 µL sterile double distilled water or TE (pH 8.0). CRITICAL STEP Do not overdry the pellet; overdried pellets are difficult to dissolve. OPTIONAL STEP To dissolve the pellet, one can vortex the solution gently for a brief period and also incubate it at 37 °C for ∼20 min. PAUSE STEP The solution can be stored at 4 °C for a few days or stored at -20 °C for years PAUSE STEP The solution can be stored at 4 • C for a few days or stored at −20 • C for years
DNA Extraction by Chelex 100 Resin APD Complex and SDS-Chloroform
Cost and Time Consumed
Evaluation of the Genomic DNA Quality, Quantity, and Integrity
A quantitative spectrophotometric assay of DNA was performed using NanoDrop and Qubit. Absorbance was measured at wavelengths of 260 and 280 (A 260 and A 280 , respectively) nm. The absorbance quotient (A 260 /A 280 ) provides an estimate of DNA purity. An absorbance quotient value of 1.8 < ratio (R) < 2.0 was considered to be good, purified DNA. A ratio of <1.8 is indicative of protein contamination, where as a ratio of >2.0 indicates RNA contamination. A total of 5 µL of DNA was run on a 1% agarose gel and visualized by UM illumination.
Pulsed-Field Gel Electrophoresis (PFGE)
Pulsed-field gel electrophoresis (PFGE) has been used extensively to prove that both compartments (micronucleus and macronucleus) have been isolated. PFGE was performed in a 1% agarose gel with 0.52 XTBE buffer (Tris-borate-EDTA) at 8 • C in a Rotaphor (Biometra). The voltage was set at 200 to 150 V/cm, and the pulse times ranged from 10 to 100 s (log). The pulse angle ranged from 120 to 110 (lin) with ramping. The electrophoresis lasted for 24 h. Afterward, the gel was stained with ethidium bromide in the same buffer [11] . ND: not detected. 1 A ratio of approximately 1.8 is accepted as pure DNA. Lower values might be related to the presence of phenol, or other reagent residues used in the DNA extraction. 2 SDS/Triton X-100: this SDS and Triton X-100 ratio (40/60) provided the best result.
Polymerase Chain Reaction Amplification of the Metallothionein (MT) Gene
PCR amplification of metallothionein (MT) gene was done in duplicates, using primers targeting the protist Tetrahymena pyriformis (GL, L 1630/1) ( Table 1) . Reaction mixtures contained 50 µL of 1× buffer KCl-MnCl2 (Fermentas), 1.5 mM MnCl2, 0.5 mM deoxynucleotide solution (dNTPs), 100 pM of each primer set, 1 µL Taq Polymerase Recombinant (1 U µL 174 −1) (Life Technologies, Naerum, Denmark), 350 ng of the extracted DNA, and 2.5 units of Taq DNA polymerase was prepared in a 300 µL PCR tube. The PCR conditions are described in Table 1 . Subsequently, 5 µL of PCR products were analyzed by electrophoresis on 1% agarose gel in 1XTAE buffer.
Restriction Enzyme Digestion Analysis
The restriction digestion of the PCR products was carried out with the HindIll enzyme. The PCR products were exposed to digestion by the restriction endonuclease, in a total volume of 20 µL (10 µL PCR product, 2 µL enzyme buffers, 0.2 µL enzymes, and 7.8 µL distilled water), and placed in the incubator at 37 • C for 8 h. The digested products were analyzed on 2% agarose gel. The restriction products were analyzed by electrophoresis (Bio-Rad) on a 1% agarose gel, and the molecular weight of restricted fragments was analyzed by gel documentation systems (G-Box; Syngene) after ethidium bromide (Himedia) staining [12] .
Expected Results
DNA was extracted from Tetrahymena pyriformis (GL, L 1630/1) using the supplementation of the mixed surfactant (SDS/Triton X-100) with different ratios (0%, 20%, 40%, 60%, 80%, 100%). The purity and yield of genomic DNA samples were estimated with NanoDrop for the purpose of evaluating parameters like quality and quantity (Figure 4a ). The DNA yields were consistently approximately 34 µg/µL for all tested samples and replicates. In addition, the DNA was accepted as pure, since the A260/280 ratio was 1.8. Using this measurement method, the A260/280 ratio varied from 1.06-1.80. There was a linear correlation between the starting SDS/Triton X-100 ratio and the purity of the extracted DNA. Based on our results, we observed that the optimal SDS/Triton X-100 ratio for the successful extraction of DNA was 40% SDS/60% Triton X-100 (A260/A280 = 1.81). The efficiency of our SDS/Triton X-100 ratio was then compared with three widely-used alternative techniques, namely the Chelex 100 matrix APD complex and SDS-chloroform methods. As shown in Table 2 , data analysis revealed that the time required (min), toxic compound, cost estimate per sample (in USD), and quality and quantity of the recovered DNA varied depending on the DNA extraction method. The highest quality of DNA (A260/A280) was obtained by the SDS/Triton X-100 and Chelex 100 matrix methods (1.81 and 1.84, respectively, where a ratio of approximately 1.8 is accepted as pure DNA). In addition, the maximum yield was obtained with the The integrity of the extracted DNA was determined by gel electrophoresis. As shown in Figure 4b , lane 4 (40% SDS/60% Triton X-100) appeared to correspond to a high-quality extract. Lanes 1, 2, and 3 showed more than one band, and lanes 5 and 6 showed a non-pure band. This suggests that the DNA in lane 4 was neither contaminated with RNA nor degraded, compared to the DNA in the other lanes; this confirmed the results found with NanoDrop (A260/A280 = 1.81).
The efficiency of our SDS/Triton X-100 ratio was then compared with three widely-used alternative techniques, namely the Chelex 100 matrix APD complex and SDS-chloroform methods. As shown in Table 2 , data analysis revealed that the time required (min), toxic compound, cost estimate per sample (in USD), and quality and quantity of the recovered DNA varied depending on the DNA extraction method. The highest quality of DNA (A260/A280) was obtained by the SDS/Triton X-100 and Chelex 100 matrix methods (1.81 and 1.84, respectively, where a ratio of approximately 1.8 is accepted as pure DNA). In addition, the maximum yield was obtained with the SDS/Triton X-100 method (34.75 and 33.77 ug/uL for NanoDrop and Qubit, respectively), while no DNA was detected for the APD complex method. The required time for different methods uses for DNA extraction varied from 2 h up to 6.4 h. The SDS/Triton X-100 method was the fastest compared to other methods used, although no toxic compound was use and the cost estimate per sample < $3 USD. Figure 5a shows the DNA results visualized by agarose gel electrophoresis. The extracts from the Chelex 100 matrix (lanes 1 and 2) and SDS/Triton X-100 (lanes 3 and 4) methods generated clean single bands, while the SDS-Chloroform method (lanes 7 and 8) gave a larger range of fragment sizes. Regarding the APD complex method, no positive bands were detected in the gel electrophoresis (lanes 5 and 6).
Methods Protoc. 2019, 2, x FOR PEER REVIEW 10 of 12 Figure 5a shows the DNA results visualized by agarose gel electrophoresis. The extracts from the Chelex 100 matrix (lanes 1 and 2) and SDS/Triton X-100 (lanes 3 and 4) methods generated clean single bands, while the SDS-Chloroform method (lanes 7 and 8) gave a larger range of fragment sizes. Regarding the APD complex method, no positive bands were detected in the gel electrophoresis (lanes 5 and 6).
To prove that both compartments (micronucleus and macronucleus) have been isolated, the DNA extracts from all methods were further subjected to pulsed-field gel electrophoresis (PFGE). As shown in Figure 5b , PFGE generated two bands-one for macronuclear DNA, with a size of 180 kb, and very prominent band for micronuclear DNA, with a size of 900 kB. In a previous study, the macronuclear DNA of Tetrahymena was found to fluctuate between 100kb to 1500 kb, while the micronuclear DNA is much larger [13] [14] [15] .
In order to confirm their suitability for amplification, DNA extracts were subsequently subjected to PCR analysis for metallothionein (MT) gene-specific primers. Figure 5c shows the results of PCR amplification of DNA isolated from Tetrahymena pyriformis (GL, L 1630/1) using different extraction methods. All extracts had positive amplification of the metallothionein gene (310 bp), except for the DNA extracted by the APD complex method (Lanes 1-2) .
The restriction digestion of the PCR products was carried out. As it is seen in Figure 5d , digestion of a 310 bp fragment of metallothionein (MT) gene by HindIll restriction endonuclease generated tree clear bands (310, 220, 104 bp) for the Chelex 100 matrix and SDS/Triton X-100 methods and one band (310 bp) for the SDS-Chloroform method, while no band was observed for the APD complex method. To prove that both compartments (micronucleus and macronucleus) have been isolated, the DNA extracts from all methods were further subjected to pulsed-field gel electrophoresis (PFGE). As shown in Figure 5b , PFGE generated two bands-one for macronuclear DNA, with a size of 180 kb, and very prominent band for micronuclear DNA, with a size of 900 kB. In a previous study, the macronuclear DNA of Tetrahymena was found to fluctuate between 100kb to 1500 kb, while the micronuclear DNA is much larger [13] [14] [15] .
The restriction digestion of the PCR products was carried out. As it is seen in Figure 5d , digestion of a 310 bp fragment of metallothionein (MT) gene by HindIll restriction endonuclease generated tree clear bands (310, 220, 104 bp) for the Chelex 100 matrix and SDS/Triton X-100 methods and one band (310 bp) for the SDS-Chloroform method, while no band was observed for the APD complex method.
Conclusions
Here, we report a simple method for the extraction and purification of DNA from Tetrahymena pyriformis. The efficiency of this technique was compared to three widely-used alternative techniques, namely the Chelex 100 matrix APD complex and SDS-chloroform methods. We demonstrated that the improved method using SDS/Triton X-100 was the easiest and most cost-effective, and was more suitable for molecular applications, such as the extraction and purification of DNA from Tetrahymena pyriformis compared to the other methods. Funding: This research received no external funding.
